Our work is based on the "Bluedisk" project, a program to map the neutral gas in a sample of 25 HI-rich spirals and a similar number of control galaxies with the Westerbork Synthesis Radio Telescope (WSRT). In this paper we focus on the HI properties of the galaxies in the environment of our targeted galaxies. In total, we extract 65 galaxies from the WSRT cubes with stellar masses between 10 8 M and 10 11 M . Most of these galaxies are located on the same HI mass-size relation and "HI-plane" as normal spiral galaxies. We find that companions around HI-rich galaxies tend to be HI-rich as well and to have larger R 90,HI /R 50,HI . This suggests a scenario of "HI conformity", similar to the colour conformity found by Weinmann et al. (2006) : galaxies tend to adopt the HI properties of their neighbours. We visually inspect the outliers from the HI mass-size relation and galaxies which are offset from the HI plane and find that they show morphological and kinematical signatures of recent interactions with their environment. We speculate that these outliers have been disturbed by tidal or ram-pressure stripping processes, or in a few cases, by accretion events.
INTRODUCTION
In the recent years, a large number of surveys have obtained multi-wavelength imaging and spectroscopy for large samples of galaxies at different redshifts. Thanks to these surveys, we have learned a lot about how galaxies form and evolve. However, many physical processes, such as the regulation of star formation by gas accretion, remain poorly understood.
The accretion of cold gas in the form of gas-rich dwarf galaxies can bring gas to galaxies and fuel star formation (Sancisi et al. 2008; Silk & Mamon 2012; Conselice et al. 2013) . The presence of extra-planar gas (Chaves & Irwin E-mail: ecwang@shao.ac.cn 2001; Boomsma et al. 2005; Wakker et al. 2007 ), lopsided HI morphologies (Sancisi 1976; Shang et al. 1998; Thilker et al. 2007 ) and gas tails (Kregel & Sancisi 2001; Oosterloo et al. 2010 ) may directly be linked to ongoing cold gas accretion through mergers. While some portion of the gas in galaxies is being acquired through the accretion of dwarf galaxies, the inferred gas accretion rate is not sufficient to sustain star formation in galaxies (∼ 1.0 M yr −1 ) (Binney, Dehnen & Bertelli 2000) . As a consequence, a large fraction of gas should be accreted directly from the Intergalactic Medium (IGM). Low-density galaxies lose their gas through tidal interactions or ram pressure stripping, which may finally quench their star formation (Moore et al. 1996; Calcáneo-Roldán et al. 2000; Mayer et al. 2006; McCarthy et al. 2008; Kapferer et al. 2008; Chang, Macciò & Kang 2013) . This process happens more frequently in dense environments.
The Bluedisk project, which was carried out with the Westerbork Synthesis Radio Telescope(WSRT), was designed to map the HI distribution is a sample of 25 unusually HI-rich galaxies. Galaxies with large HI excess usually have bluer and younger outer disks (Wang et al. 2011) , and more metal-poor ionized gas (Moran et al. 2012) . A sample of 25 control galaxies was also observed for comparison. These galaxies were closely matched in stellar mass, stellar surface mass density, redshift and inclination, but were not unusually rich in HI. The goal of the project was to determine whether there was any evidence for recent gas accretion onto unusually HI-rich galaxies by investigating and contrasting the HI structure and environment of the gas-rich galaxies with that of the control sample.
In the first paper of Bluedisk project, Wang et al. (2013, Paper I) concentrated on the HI size and morphology of the 42 targeted galaxies. They found that HI-rich galaxies do not differ from normal galaxies with respect to HI asymmetry indices or optical/HI disk position angle differences. This is inconsistent with a scenario in which the excess gas was brought in by mergers. In this paper, we extend this work to the galaxies in the neighbourhood of the targeted galaxies that lie within the WSRT data cubes.
Our paper is organized as follows. In section 2, we briefly recap our observations, describe the data and the data processing that we carried out for our environmental study, including our procedure for accurate primary beam correction. In section 3, we discuss our identification of galaxy neighbours via cross-matching with the spectroscopic catalogue of the Sloan Digital Sky Survey (SDSS) and how we build a uniform catalog of these sources. In section 4, we examine the HI mass-size relation and the correlation between HI and optical properties such as mass and stellar surface density for both the neighbours around HI-rich and control galaxies. In section 5, we discuss the morphology and properties of galaxies which are found to be outliers from the standard scaling relations. We summarize our results in section 6.
Throughout this paper, all the distance-dependent parameters are computed with Ω = 0.3, Λ = 0.7 and H0 = 70 km s −1 Mpc −1 .
DATA

Observation and data reduction
The 50 targets were observed with the WSRT in 2011 and 2012. Target selection and data reduction are described in detail in Paper I. For detailed information on the targeted galaxies we refer the reader to table 1 in Paper I. The HI raw data cubes were reduced using a pipeline produced by Serra et al. (2012) , based on the Miriad reduction package (Sault, Teuben & Wright 1995) . The data used in this paper are HI cubes built with a Robust weighting of 0.4, which provides a suitable compromise between sensitivity and resolution. The pixel size is 4 arcsec and the velocity width for each channel is about 13 km s −1 . The velocity resolution is 26 km s −1 (FWHM). The typical beam has Half-Power Beamwidth (HPBW) of 16 × 16/sin(δ) arcsec 2 , where δ is the declination. Every cube has 148 channels, covers a redshift range of ∆z = 0.006, and has a size of 1 degree on each side, which corresponds to a physical scale of 1.7 Mpc at a redshift z = 0.025. We point out that 92.0% of the galaxies are within a systematic velocity difference of 500 km s −1 from the primary galaxies. However, some untargeted galaxies are not in the immediate neighborhood of the primary galaxies: in the radial direction, the farthest galaxy is 884 km s −1 away. Hence we are investigating a relatively large-scale environmental effect rather than the direct interaction between galaxy pairs in this paper.
We generate two-dimensional HI total-intensity maps (moment-0 maps) for each cube. First we identify 3-d regions of emission by a smoothing and clipping algorithm. We then add all the detected HI emission from all velocity channels. We also estimate errors for all non-zero pixels in the HI intensity map.
Physical properties of galaxies
The physical quantities required for this work are a spectrophotometric estimate of the stellar mass M * , stellar surface mass density µ * , and the NUV-r colour. Stellar masses were taken from the MPA-JHU database (http://www.mpagarching.mpg.de/SDSS/DR7/), and are derived from Sloan Digital Sky Survey (SDSS) photometry. The stellar surface mass density is defined as µ * = M * (2πR 2 50,z ) −1 , where R50,z is the physical radius which contains half the total light in the z-band. The NUV magnitude is available from the Galaxy Evolution Explorer (GALEX) pipeline and the NUV-r colors are corrected for Galactic extinction. The HI size R1, R50,HI, R90,HI and rs, and HI mass MHI, are measured using our HI data cubes. R1 is the radius where radially averaged face-on HI column density reaches 1 M pc −2 (corresponding to 1.25 × 10 20 atoms cm −2 ). R50,HI and R90,HI are the radii enclosing 50 and 90 percent of the HI flux, respectively. Note that an inclination correction is not applied when calculating R1 for unresolved galaxies (R50,HI less than 15 arcsec), because their HI sizes are less than the beam size. For these galaxies, the derived value of R1 should be regarded as an upper limit to the true value of R1. rs is the scale-length of the outer exponential disk, and is measured by assuming a PSF-convolved two-component model for the radial distribution of HI (see Wang et al. 2014 for details). The HI mass is defined as
, where D lum is the luminosity distance and Ftot is the integrated HI-line flux density. The measurements of these parameters are described in more detail in Paper I.
Primary beam correction
Our work depends critically on the primary beam correction, which accounts for the attenuation by the primary beam towards large radii. We consider two methods. One is a nonparametric model (data cube) provided by Popping & Braun (2008) , the other one is to apply a parametric correction function of the form cos 6 (c × ν × d) as routinely used for the WSRT, where ν is the frequency in GHz, and d is the angular distance from the pointing centers in degrees.
To test and calibrate both approaches, we compare the un-corrected flux densities of point sources in the radio continuum maps, which are an additional product of our data Figure 1 . Test of the two methods for primary beam correction: 1) applying the standard WSRT analytic model (with c=63), and 2) a nonparametric model by Popping & Braun (2008) . This figure shows the relation between the primary beam corrected flux density and the FIRST/NVSS flux density. Black circles and blue crosses represent the FIRST data and the NVSS data, respectively. The left and right panels are for Popping's model and the empirical model, respectively. reduction pipeline (see Wang et al. 2013 ) with the flux densities listed in the NRAO FIRST (Becker, White & Helfand 1995, Faint Images of the Radio Sky at Twenty-Centimeters) and NVSS (Condon et al. 1998 , NRAO VLA Sky Survey) catalogues.
Specifically, we first extract sources from our continuum maps using Source Extractor (SE). Then we use the point spread function (PSF) fitting method to derive the flux density of each source extracted from our continuum maps. With a detection threshold of 5σ, where σ is the rms noise with a typical value of 8.0 × 10 −5 Jy beam −1 , we extract more than two thousand sources from all images. This catalog is then matched to the FIRST and NVSS catalogs. In total, there are 4128 sources in the FIRST catalog (Becker et al. 2012, 12Feb16 Version) located in these 50 HI observed regions, with integral flux density greater than 1 mJy. Among them, 1322 sources are classified as point sources at FIRST resolution (with a major axis FWHM of 2 arcsec). About one hundred detections in our cubes were matched with both FIRST and NVSS point sources. We restrict the analysis to point sources because FIRST and NVSS flux densities are very consistent with each other for point sources, with a scatter of 0.05 dex.
This way, we obtain an best-fit c of 63, differing distinctly from the commonly used and recommended c = 68 (see WSRT web pages). This difference in c causes a 0.46 dex difference in flux intensity for pixels at the farthest edge of the continuum map (0.71 degree from the map center at redshift z = 0.025), and a largest difference of 0.17 dex for our farthest detected source. On average, the flux densities corrected with c = 63 are 0.04 dex smaller than that of c = 68 for our untargeted sources. Fig. 1 shows the comparison between the primary beam corrected PSF flux densities from our continuum maps and the FIRST/NVSS flux densities using both methods, the empirical analytic (standard) model, and Popping's nonparametric model. We can see a good linear correlation between the corrected PSF flux density and the FIRST/NVSS data. It is difficult to tell which model is better according to the data points, because the scatter is similar (∼ 0.7 dex). However, we remark that the standard recommended analytic model with c = 68 would have provided an insufficient primary beam correction in the wavelength range considered in this work. Since we confirm that the model of Popping & Braun (2008) works well, we adopt it for our primary beam correction for the Bluedisk data cubes.
SOURCE IDENTIFICATION
We use the source finder developed by Serra et al. (2012) to detect sources in the cubes. The pipeline uses a smooth-andclip algorithm: it smooths the cube and searches for regions with a flux intensity above 3σ of the cube. The resulted catalog of 1962 sources includes both real sources and noise peaks. We take a few steps to filter the real galaxies with reliable flux measurements. The first step is to match the HI catalog with the SDSS spectroscopic catalog. 163 HI sources are matched with optical galaxies, with an angular distance smaller than 20 arcsec (roughly the beam size). 10 of them have more than one matched optical counterpart. We further constrain in redshift by requiring |zspec − zHI| < 0.001, which left us with 120 HI sources, and none of them have multiple optical counterparts. Although we may miss the galaxies with no optical spectroscopic observation, we efficiently exclude most of the unreliable sources from the HI catalog.
In the following sections, we describe how we further select the sources with reliable HI flux measurements. Figure 2 . The left panel shows the SNR varies with applying different column density limits. The middle panel shows the flux fraction varies with increasing column density limit. The flux fraction is the ratio of the total HI flux above a specific column density limit to the HI flux without giving a column density limit. The right panel shows the column density limit versus the fraction of retained sources. The color curves represent different pixel number cuts (If the effective pixel number of the source is greater than the cut, it is treated as a source).
Defining the outermost HI contour
In Paper I, we describe how we build error maps for the HI moment-0 images. We use these error maps to determine a HI column density threshold that reliably defines an outermost contour for morphological analysis. The outermost contour should also contain most of the total flux of the source. The left panel of Fig. 2 shows the signal-to-noise ratio at different HI column density levels for all the detected sources. The black curve shows the median signal-to-noise ratio, and the gray region shows the 20% to 80% percentile range. The SNR is typically above 3 when the threshold is set to be 10 20 atoms cm −2 . The middle panel of Fig. 2 shows how the fraction of the total flux of the galaxy varies as a function of column density limit. The back curve shows the median flux fraction for all sources, and the gray region shows the 20% to 80% percentile range.
1 We see that most of the galaxies retain more than 90% of their total flux when the limiting contour level is 10 20 atoms cm −2 . We require sources to contain at least 20 pixels in the moment-0 maps to be included in our catalogues. In the right panel of Fig. 2 , we show the fraction of sources that meet this criterion as a function of different density threshold cuts (the black curve). We also show how the curve changes if we change the resolving criteria to 10, 30 and 40 pixels. We can see more than 90% of the sources are resolved with 20 pixels at a density detection threshold of 10 20 atoms cm −2 . Based on the analysis shown above, we adopt 10 20 atoms cm −2 as our HI column density threshold, because it is demonstrated to be a good threshold for reliably describing the shape and size of the HI while still retaining most of the HI mass, and it also includes most of the well-resolved HI sources.
1 At a column density limit of zero, the HI flux fraction is larger than 1.0 for all galaxies, because by clipping at that level, the noise contribution is neglected (i.e., some negative total flux from negative noise peaks has to be added to counterweight this effect at the edges of the detected sources.
Extracting sources with reliable HI fluxes
To estimate the reliability of our determinations of the total HI flux, we use a bootstrap method. We simulate a set of repeat observations by adding random noise with the same characteristics as the noise in the Bluedisk cubes, and measure the resulting variance if the total HI flux. In practice, we take the channels that have no detected sources from the data cube, and randomly repeat them to make noise cubes that have the same size as the Bluedisk data cubes. We add the noise cubes to the original Bluedisk cubes to make a "perturbed" cube. We repeat this process 10 times for each original Bluedisk cube. In addition, we also generate error maps for these simulated cubes.
The left panel of Fig. 3 shows how the scatter in the derived HI between the different perturbed cubes varies function of the original fluxes. The HI flux scatter rises sharply for HI fluxes less than 0.5 Jy km s −1 , and becomes almost flat at a value of about 0.04 dex for HI fluxes greater than 0.5 Jy km s −1 .
The right panel of Fig. 3 shows the distribution of the ratios of simulated HI fluxes and input HI fluxes in two flux bins. The black histogram shows the ratio of the distribution for galaxies with HI fluxes greater than 0.5 Jy km s −1 , and the red dot-and-dash histogram shows the distribution for galaxies with HI fluxes less than 0.5 Jy km s −1 . The simulated HI fluxes in the lower HI flux bin are clearly more scattered than in the higher HI flux bin. We further select galaxies that have a SNR of at least 3 for the 10 20 atoms cm −2 HI column density contour. The distribution of their flux ratios is shown as the red histogram in Fig. 3 . We find it to be similar to that of galaxies with high HI flux. In what follows, we exclude low HI flux sources (total HI fluxes less than 0.5 Jy km s −1 ) with a SNR of less than 3 in the 10 20 atoms cm −2 contour. Our tests show that this ensures that the error in the HI fluxes we measured will be less than about 0.04 dex.
There are 43 targeted galaxies and 65 additional galaxies in the final sample. Among the galaxies that were not targeted, 45 galaxies are resolved and 20 galaxies are un- , and the red dot-and-dash histogram is for galaxies with HI flux less than 0.5 Jy km s −1 . Besides, the red histogram is also for galaxies with HI flux less than 0.5 Jy km s −1 , but with SNR greater than 3.
resolved. Among these additional galaxies, 15 galaxies are located in the "peculiar cubes" (Wang et al. 2013) , in which the targeted galaxy is not detected in HI or is otherwise disturbed. We exclude these galaxies in the analysis described below. We also divide our targeted galaxies into two parts according to whether they lie above or below the HI-plane defined in Catinella et al. (2010) . Hereafter, targeted galaxies which lie above the HI-plane are referred to HI-rich galaxies (blue sample) and the cubes they reside in are referred as blue cubes. Similarly, the rest of targeted galaxies are referred as control sample and the rest of cubes are referred as control cubes. This definition is different to what was designed in observation, but it properly reflects the actual HI content of each system. At last, 23 blue targeted galaxies, 20 control targeted galaxies, 26 untargeted galaxies in blue cubes and 24 untargeted galaxies in control cubes are left.
The detailed properties of all the additional detected galaxies are listed in table 1. Galaxies in "peculiar cubes" are also listed in this table, but not used for analysis in the following part of the paper. As can be seen, they span stellar masses from 10 8 − 10 11 M and HI masses from 10 8.5 − 10 10.4 M . Although our sample is small in size, it is unique in that it samples the environments rare, very HI-rich systems. Most of the galaxies are resolved in HI, enabling us to study their resolved morphology and their kinematics. Compared to the Westerbork observations of neutral Hydrogen in Irregular and SPiral galaxies (WHISP), our data are more sensitive.
RESULTS
The mass distribution for our final sample is shown in Fig.  4 . The sample is divided into four subsamples: the blue tar- Figure 4 . Stellar mass distribution of our sample. The stellar mass is from the MPA-JHU DR7 catalogue. Our sample is divided into BTG (blue), CTG (red), BUG (green) and CUG (purple).
geted galaxies (BTG) , the control targeted galaxies (CTG), the additional galaxies located in blue cubes (BUG) and the additional galaxies located in control cubes (CUG). By selection, all targeted galaxies are massive with log M * /M > 10. The additional galaxies have a very broad stellar mass distribution from 10 8 M to 10 11 M . The goal of this paper is to study their HI properties. Table 1 . Properties of additional galaxies extracted in the data cubes of the Bluedisk project. The detailed information of the targeted galaxies is presented in Paper I. From left to right, columns represent galaxy ID, Right Ascension, Declination, redshift, base-10 logarithm of the stellar mass, base-10 logarithm of the stellar surface density, NUV-r color, base-10 logarithm of the HI mass, distance to the central of the data cube (in degree), R1, R 50,HI , R 90,HI and exponentially scale length rs, respectively. 
HI mass-size relation
The tight relation between the diameter of the HI disk and the total HI mass in galaxies was investigated by Broeils & Rhee (1997) . Later, it was found that this relation changes very little for different kinds of galaxies (Swaters et al. 2002; Noordermeer et al. 2005 ). Fig. 5 shows the HI mass-size relation for our sample. The left panel shows this relation for the four subsamples: BTG (blue), CTG (red), BUG (green) and CUG (purple). The black line is from Broeils & Rhee (1997) . The right panel shows the same relation for different stellar mass ranges. Some outliers far from this relation are marked by their IDs. Almost all the galaxies closely obey this relation, which is consistent with the result of Paper I. This relation is similarly tight for galaxies with both high and low stellar masses: the average column density of HI is about same for all spiral galaxies. Wang et al. (2014) suggest that this relation is primarily a result of atomic-to-molecular gas conversion in the inner disk and is further enhanced by a homogeneous radial distribution of HI density in the outer disk of galaxies. We will investigate the nature of the handful of outliers later in the paper.
HI-optical scaling relations
In Fig. 6 , we plot the HI-to-stellar mass ratio as a function of stellar mass, stellar surface mass density and NUV-r color for our sample. The HI mass fraction correlates with stellar mass, surface mass density and NUV-r, and extends the mean relations quantified for normal galaxies with stellar masses greater than 10 10 M in former studies (Catinella et al. 2010; Cortese et al. 2011; Huang et al. 2012 ). We do not see different HI scaling relations for galaxies in the data cubes with a central targeted HI excess galaxy and data cubes with a central targeted control galaxy.
We plot the HI plane linking HI-to-stellar mass ratio with stellar surface mass density and NUV-r colour defined by Catinella et al. (2010) in the left panel of Fig. 7 . The gray data points represent galaxies from GASS (Catinella et al. 2010) . In this projection, both targeted and untargeted galaxies lie close to the HI plane. Differences arise when we focus on the displacement from the plane. As already found in Paper I, we observe a tilt of our observed galaxies with respect to the diagonal of the plot. The plane underpredicts the HI content of all observed galaxies at the high-HI-fraction end and slightly over-predicts it at the low-HI-fraction end of our sample. The underprediction at the high-HI-fraction end is discussed in detail by Li et al. (2012) , who argue that the addition of additional parameters yield a more unbiased prediction of HI content.
The right panel of Fig. 7 shows the distributions of the deviations from the HI-plane (the black line in Fig. 7 ). We find a significant difference between the distributions of the galaxies in the cubes of the HI-rich targets and the galaxies in the control cubes. We perform a Kolmogorov-Smirnov (K-S) testto quantify this significance, and obtain a probability of 0.041, suggesting a 96% significance for the null hypothesis of the two samples being drawn from the same parent distribution to be rejected. It appears that on average, galaxies in the data cubes with an HI excess targeted galaxy do on average contain more HI (relative to their surface mass density and colour ) than galaxies in the cubes containing a control galaxy. This suggests that galaxies associated with blue targeted galaxies are also likely to be gas-rich. This supports the observation pointed out by Kauffmann, Li & Heckman (2010) , see also Weinmann et al. (2006) , who found that there is more photometrically estimated HI in satellites around more star-forming primary galaxies than in satellites around less star-forming primary galaxies. In the following, we refer to this as "HI conformity". Those authors argued Figure 6 . The HI mass fraction plotted as a function of stellar mass, stellar surface mass density and NUV-r for target galaxies(black), other galaxies in the HI-rich cubes (blue), other galaxies in the control cubes (red) and GASS sample galaxies (gray). The black curve in the left panel shows the empirical relation of HI mass fraction as a function of stellar mass, which is taken from Evoli et al. (2011) . The gray data points show the GASS sample. Right panel: The distribution of deviations from the HI-plane (corresponding to the black line in the left panel) for our sample. The blue, red, green and purple distributions represent for the distributions of BTG, CTG, BUG and CUG galaxies, respectively. The K-S test probability for the difference in deviation from the HI-plane between the BUG and CUG samples is denoted at the top-right corner of the right panel.
that the satellites trace a large-scale gas reservoir that is accreted onto the central galaxies.
Next, we repeat the morphological analysis of Paper I for the additional galaxies detected in the cubes. In Fig.  8 , we plot distributions of ∆Center, R90,HI/R50,HI, rs and rs/R1. ∆Center is calculated as the distance between the HI center and the r-band center, normalized by the semi-major axis of the HI ellipse. R90,HI/R50,HI describes the concentration/extension of the HI disks. rs is the exponentially scale length of HI disks.
The galaxies in the HI-rich cubes do not differ from those in the control cubes in their distribution of ∆Center. However, their distributions of R90,HI/R50,HI do show a significant difference. Galaxies in the HI-rich cubes tend to have larger R90,HI/R50,HI than in the control cubes. If we investigate galaxies with R90,HI/R50,HI greater than 2.0, we find almost all of them have more HI gas than the predicted by their optical properties. The distribution of the deviations from the HI-plane for these galaxies is shown in Fig. 9 . The median value of the deviations is 0.44 dex, which means these galaxies have 2.7 times HI of the predicted values in general. We also find their HI to extend far beyond the optical disk. The rs and rs/R1 distributions of the galaxies in the HI-rich cubes do not differ significantly from those for galaxies in the control cubes.
To assess whether the density of the environment may Figure 8 . The distributions of ∆center, R 90,HI /R 50,HI , rs and rs/R1 for BTG (blue), CTG (red), BUG(green) and CUG(purple). The K-S test probability that the HI-rich and control cube distributions are drawn from the same underlying distribution is given in the top right corner of each panel.
play a role in these differences, we checked the number of SDSS spectroscopically observed galaxies of which fall in our cubes, but which have no HI detections. There are 95 galaxies with no HI detections in the HI-rich cubes and 295 galaxies with no HI detections in the control cubes. Most of these galaxies have stellar masses in the range between 10 8 M and 10 10 M . We also quantify the environment by using the 3-d reconstructed matter overdensity based on SDSS DR7 data set (Jasche et al. 2010) , which is defined as δ = (ρ −ρ)/ρ, where ρ is the matter density andρ is the mean matter density. Thus the mean overdensity of galaxies in control cubes is 10.7, while the mean over-density of galaxies in blue cubes is 4.6. It is clear that the control cubes are located in denser regions than the HI-rich cubes, and the fraction of opticallyidentified galaxies that have detectable HI masses is much higher in the blue cubes than in the control cubes. This may indicate that HI conformity is closely related to the environment of the galaxy.
MORPHOLOGY OF OUTLIERS
Galaxies accrete cold gas directly from the intergalactic medium or through interaction with companions, and lose their gas through tidal or ram pressure stripping. Some authors have tried to connect specific HI structures in galaxies with ongoing cold gas accretion, such as the existence of extra-planar gas and warped structures of HI distribution in galaxies (Wakker et al. 2007; Thilker et al. 2007; Oosterloo et al. 2010) . Ram pressure striping, especially in clusters also affect the morphology of HI disks (McConnachie et al. 2007; Bernard et al. 2012; Serra et al. 2013; Zhang et al. 2013) . In this section, we investigate the structures of those galaxies which are outliers in the HI mass-size relation (see Figure 9 . The distribution of deviations from the HI-plane for untargeted galaxies with R 90,HI /R 50,HI greater than 2.0. The median value of these deviations is 0.44 dex. Fig. 5 ) or the HI-plane (see Fig. 7 ). We argue that (after close inspection) either offset is an indication for ongoing interaction with the environment.
Outliers are defined to include galaxies that are offset in their HI mass by more than 0.4 dex from the normal HI mass-size relation or offset more than 0.5 dex from the HIplane. Here we just discuss the outliers with M * > MHI, since the HI plane would underestimate the HI fraction for with log 10 (M * /MHI) > 0. We select the outliers from all cubes with "peculiar cubes" (Section 3) excluded. Note that there is no indication that outliers tend to fall preferentially into either group of galaxies around HI-rich galaxies (blue sample) or control galaxies. In table 2, we list the environment of galaxies, host system Dark Matter (DM) mass, offset from the HI mass-size relation, offset from the HI-plane, ∆Center and R90,HI/R50,HI. The environment of galaxies (isolated or in group) and the host halo mass estimates are from Yang et al. (2007) . Fig. 10 shows HI total intensity contours overlaid on an SDSS colour image, an HI velocity field and an SDSS spectrum for each of these outliers. The white, green, red and yellow HI contours represent 2.0, 4.0, 14.0 and 20.0 times the median SNR of the outermost HI contour, respectively. The velocity fields are derived from a Gauss-Hermite fitting procedure (den Heijer et al., in preparation).
Outliers in the HI mass-size relation
Galaxies marked 941, 1323, 1554 and 1700 are outliers from the HI mass-size relation. Galaxy 1554 and 1700 are edge-on galaxies, while Galaxy 941, 1323 and 1622 are not. We will discuss Galaxy 941, 1323, 1554 and 1700 in detail. Galaxy Figure 11 . The same as Fig. 10 but for some of the non-outlier galaxies, selected randomly from our sample galaxies with the offset to HI mass-size relation less than 0.2 dex and the offset to HI-plane less than 0.2 dex. Figure 12 . The distributions of ∆Center and R 90,HI /R 50,HI for outliers (red) and non-outliers (black). The K-S test probability is given in the top right corner of each panel. The non-outliers are selected from all the galaxies with both the offset to HI mass-size relation and the offset to HI-plane less than 0.2 dex.
983 is investigated in next subsection because it is also offset from the HI fundamental plane.
Galaxy 941 and 1323 are both starburst dwarf galaxies, but most of their HI is distributed asymmetrically, and is also offset from the optical disks. The HI of Galaxy 941 is distributed in patches that extend 10 times further than the optical disks. The nearby object seen in the SDSS image, is found to be a foreground star. The HI disk of Galaxy 1323 shows a big void in the region of the optical disk. There are two possible explanations for these disturbed morphologies. One is feedback processes (by AGN or by superwinds powered by SNe and stellar winds in the starburst) that push gas from inside the galaxy to the outside. The other explanation is that the HI gas in the stellar disk regions have been converted to molecular gas to sustain the fast star formation, while the HI gas in the outer regions has not had enough time to flow into the stellar disk. The stellar masses of the galaxies and their position on the "Baldwin, Phillips & Terlevich" (BPT) diagram suggests that they do not have AGNs in their cores. We check the star formation time scale for these two galaxies. It would take more than 0.4 Gyr to consume ten percent of their total HI gas with the current star formation rate. We conclude that SNe explosions and stellar winds are the most likely cause for the holes in the HI intensity maps. In similar case, Mühle et al. (2005) argued that a huge hole in HI distribution of NGC 1569 is probably driven from SNe feedback in the center of the galaxy over the past 20Myr.
Galaxy 1554 and 1700 are edge-on galaxies. As can be seen from the SDSS spectrum, the dust extinction is very high in Galaxy 1554. The HI gas is concentrated and distributed in the stellar disk. Galaxy 1700 is a star-forming galaxy in which the HI seems to be vertically offset with respect to the stellar disk. The inclination correction creates significant uncertainty when calculating HI sizes for edge-on galaxies, since the HI disks are usually thicker than stellar disks. This may result in the offset in the HI mass-size relation.
Outliers from the HI-plane
Galaxy 983 exhibits a large offset from both the HI masssize relation and the HI-plane. While it appears to be HI deficient with respect to the plane, its HI is more concentrated than predicted by the HI mass-size relation. In addition, a significant part of its HI appears to show irregular kinematics and is offset from the galaxy disk. Hence, morphology and kinematics suggest recent tidal or ram-pressure stripping to have removed gas in the outskirts of the galaxy.
Galaxy 890 has its HI gas compressed against the stellar disk on one side and extended to larger radius on the opposite side. Its morphological HI and optical centers are distinctly offset from each other. This is very similar to the ram-pressure stripped galaxies observed in clusters (Vollmer et al. 2004; Koopmann & Kenney 2004; Crowl et al. 2005; Chung et al. 2009 ). The observed HI gas mass is just 12% of the predicted value. The velocity map shows a nice spider diagram in the optical region, marked in black ellipse (see Fig. 10 ). For the west extended part, which also contains most of the HI, it shows a clear decrease in velocity from the inner region to the outer region. So it is likely that the direction of ram-pressure stripping is from east to west and from far to near.
Galaxy 1104 and Galaxy 1407 have at least 3 times more HI than predicted (see Fig. 7 ). Galaxy 1104 is a warped edge-on galaxy with a high warp amplitude. The HI distribution is also rather asymmetric, suggesting a recent interaction. Galaxy 1407 is a star-forming galaxy with a large amount of HI offset from the regularly rotating disk. It seems to be interacting with two close companions.
Galaxy 1378 has less HI gas than predicted and its HI gas is highly lopsided. It is an isolated galaxy with strong on-going star formation at the center. This galaxy possesses a large amount of gas outside the regularly rotating disk, suggesting ram-pressure stripping or tidal stripping of HI from the galaxy.
For comparison, we also present a set of "non-outlier" galaxies in Fig. 11 . These are selected randomly from our sample galaxies with both the offset to HI mass-size relation and the offset to HI-plane less than 0.2 dex. Generally speaking, the HI shapes of these non-outliers are more regular compared to the HI shapes of outliers. Most of them are less asymmetric and have less HI-gas clouds in their outer region, which suggests no violent interaction with IGM. The comparison between Fig. 10 and Fig. 11 confirms that most of the outliers really have very irregular HI morphologies. Fig. 12 compares ∆Center (left panel) and R90,HI/R50,HI (right panel) between outliers and nonoutliers. Note that the non-outlier sample includes all the non-outliers defined in the same way as above, not only those shown in Fig. 11 . The outliers appear to have larger ∆Center and smaller R90,HI/R50,HI when compared to the non-outliers. This result is consistent with the conclusion above, which are drawn from the example HI maps in Fig.  11 . However, given the small sample size and the resulting poor statistics indicated by the K-S tests (see the K-S probabilities quoted in the figure), this result should not be overemphasized. We list ∆Center and R90,HI/R50,HI for the outliers in table 2. Galaxy 1700 has very large ∆Center (∼0.9) that is consistent with its clearly biased HI distribution. Galaxy 1407 and Galaxy 983 have relatively large ∆Center (∼0.5), which are attributed to their extra-planar gas. Galaxy 1104, Galaxy 1554 and Galaxy 1407 have the largest R90,HI/R50,HI among others. Their location on HI-plane are all above the mean relation. This is consistent with what we find in Fig. 9 . However, we don't compare rs and rs/R1 for the outliers, as their rs cannot be well determined.
SUMMARY AND DISCUSSION
In this paper, we present a catalogue of galaxies from the Bluedisk HI galaxy survey that includes sources within the cubes that were not specifically targeted for observation. These galaxies are nevertheless very interesting, because they probe the environments of unusually HI-rich galaxies, as well as a control sample of galaxies with similar masses and structural properties, but with more normal HI content.
We present the distribution of HI morphological parameters, the HI mass-size relation and scaling relations between HI gas mass fraction and galaxy mass, structure and colour. The main results in this work are listed below.
• Our sample follows established HI scaling relations as function of stellar mass, stellar surface density and colour very well, and fits the HI mass-size relation, except for a few outliers.
• Galaxies in the HI-rich cubes are displaced to higher HI gas mass fractions than predicted by the optical properties, compared to galaxies in the control cubes.
• We inspect the HI intensity maps and velocity fields of the outliers from the HI mass-size relation and the plane. We find that all these galaxies are likely to have undergone recent interaction with their environment.
The phenomenon of galactic conformity was first discovered by Weinmann et al. (2006) , who argued that the properties of satellite galaxies are strongly correlated with those of their central galaxies. In particular, early-type central galaxies have a larger fraction of early-type satellites than late-type central galaxies with the same stellar mass. Subsequently, Kauffmann, Li & Heckman (2010) found that the total mass of gas in satellites has a strong correlation with the colours and specific star formation rates of central galaxies of all stellar masses, and that this correlation extends out to radii of 1 Mpc or more. This suggests that more gas-rich galaxies should have more gas in satellites in their immediate surroundings. This work was, however, based on optical proxies for HI content and not on real HI data. In this paper, we find that galaxies in the large-scale environment of HI-rich targeted galaxies tend to be HI-rich and to have a larger R90,HI/R50,HI. Our findings thus support the conjectures presented in (Kauffmann, Li & Heckman 2010) . Weinmann et al. (2006) and Ann, Park & Choi (2008) argued that the X-ray-emitting hot gas of host early-type central galaxies can deprive their satellites of their gas reservoirs through hydrodynamic interactions. However, this cannot explain the conformity effect in low mass halos. Kauffmann, Li & Heckman (2010) argued that satellite galaxies trace the high density peaks of underlying reservoir of ionized gas, which provides fuel for star formation in central galaxies.
In this work we have been able to study a few galaxies which have irregular HI shapes and anomalous HI gas content. In most cases, we find signatures of interaction with the environment that is suggestive of tidal or ram pressure stripping, though two galaxies are found (1407 and 1104) that may be accreting HI clouds.
